To form a proper mitotic spindle, all kinetochores must capture at least one microtubule plus end. A new computational modeling study shows that a search-and-capture mechanism based on spatially unbiased microtubule dynamic instability is too slow to account for the experimentally observed rate of chromosome capture. 
Earlier modeling of the kinetochore capture process concluded that microtubule plus end dynamic instability is adequate to explain the rate of capture during prometaphase [2, 3] . But these studies only analyzed the mean time to capture one kinetochore (on the order of minutes), which will be much shorter than the mean time to capture all the kinetochores. In a human cell, for example, there are 92 kinetochores (46 pairs) that must be captured. When all the kinetochores are included in the model, the simulated mean time required to capture all 92 kinetochores using spatially unbiased searching is at least two hours, whereas Hela cells require only about 30 minutes to complete mitosis [1] . Wollman et al. [1] found that the empirical capture rates could be reproduced by including a spatial bias in the searching, so that assembly is favored around the kinetochores (and therefore in the general vicinity of the spindle).
To estimate the extent of the requisite bias, Wollman et al. [1] took the experimentally measured catastrophe frequency -the rate at which microtubules switch from the growing state to the shortening state -for astral microtubules [4] , and used this value (4.5 per minute) in their simulation of spindle microtubules [1] . The result was an unrealistically long capture time (days), while the fastest capture times obtainable with the unbiased model required the catastrophe frequency to be much lower (0.8 per minute). This suggested that the catastrophe frequency is depressed in the region between the poles, relative to the region outside the poles. In other words, microtubule plus ends must grow more persistently when in the general vicinity of the chromosomes, and less persistently when away from the chromosomes in the astral regions of the spindle, as shown in Figure 1 .
To form a proper mitotic spindle, all kinetochores must capture at least one microtubule plus end. A new computational modeling study shows that a search-and-capture mechanism based on spatially unbiased microtubule dynamic instability is too slow to account for the experimentally observed rate of chromosome capture. Microtubule plus ends undergo dynamic instability, with stochastic switching from growth to shortening ('catastrophe'), and from shortening to growth ('rescue'). It is generally assumed that catastrophe and rescue frequencies are constant throughout the cell, as illustrated in the left panel. In this case microtubules (green lines) have no information available to guide their growth to the kinetochores (orange dots) associated with chromosomes (blue X's). Wollman et al. [1] show that such a model predicts unrealistically long kinetochore capture times. Alternatively, there could be a spatial gradient in one of the switching frequencies. For example, the catastrophe frequency could be suppressed between the poles, as illustrated in the right panel. In this case there is a region between the poles that favors net microtubule assembly, which is where the spindle forms. Once microtubule plus ends grow out of this favorable region (the edges of which are marked with black arrows), they then enter an unfavorable region, become prone to catastrophe, and will soon return to the favorable region. This system provides useful information to microtubules to bias their searching to the regions where the kinetochores are located. Figure 2 , suppose that the phosphorylated form of a protein (A-P) is generated by a kinase that is bound to some large, relatively immobile structure such as the plasma membrane or a chromosome. As the phosphorylated protein diffuses away from the kinase, it eventually is acted upon by the antagonistic phosphatase to return the protein to the dephosphorylated form (A). Thus, the concentration of A-P will be high near the kinase, and low elsewhere. Conversely, the concentration of A will be low near the kinase, and high elsewhere. A chemical gradient requires only that the source and sink be spatially separate. As an example, consider a kinase that is tethered to an immobile structure at the left boundary of the system, and an antagonistic phosphatase that is not tethered to the structure. At steadystate, the kinase continuously produces the phosphorylated form of the substrate (A-P) at the left boundary. As A-P diffuses away from the boundary, it is eventually dephosphorylated by the phosphatase to become A again. The dephosphorylated form (A) then diffuses until it reaches the boundary where it is converted by the kinase back to the phosphorylated form (A-P) again. The result is a concentration gradient in each of the two phosphostates that is indefinitely stable. If microtubule catastrophe (or rescue) were promoted by one form of the substrate, then there would be a stable gradient in catastrophe (or rescue) frequency. Gradients will also arise when an antagonistic guanine nucleotide exchange factor (GEF)/GTPase activating protein (GAP) system is spatially segregated (not shown). Previous computer modeling of RanGTP gradients suggested that the gradients would be very small in somatic cell mitosis [18] . It may be, however, that even weak gradients could translate quantitatively into relatively large catastrophe and rescue frequency gradients in the cell. In addition to controlling catastrophe and rescue, Ran-GTP may also control microtubule nucleation around the chromosomes [16] . In general, it is not yet clear how any putative molecular gradient is actually 'read out' by microtubules to control their behavior spatially. Further, microtubules themselves may possess a history-dependent catastrophe that enables persistent assembly during the early part of a growth phase, with an increasing likelihood of catastrophe as elongation proceeds [6, 19] . This has the effect of increasing the efficiency with which space is searched by narrowing the distribution of microtubule lengths around a length optimized for the search-and-capture process [20] .
In summary, it has been appreciated for some time that chemical gradients shape the developing embryo. Evidence is accruing that they also shape the cytoplasm, which may facilitate formation of key intracellular connections, such as those between spindle poles and kinetochores during mitosis.
